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tions, used as the base of insulating varnishes. Here 
also benzol finds application. Somewhat allied are 
solutions for cold vulcanization of rubber, which are 
essentially mixtures of benzol and sulphur mono- 
chloride. For all these purposes the refined grades 
are mostly used. 
Other uses of benzol which I may briefly mention 
are in the composition of metal polishes and metal 
protective coatings, dry cleaning and scouring, grease 
extraction, and in coatings for wooden forms used 
in concrete construction. This last use is a recent 
one, and where tried has apparently given satisfac- 
tion, and this field may be capable of enormous de- 
velopment. 
Benzol viewed from a commercial standpoint is 
really only in its infancy in this country. As time 
progresses and new sources of supply are opened up, 
new and larger uses will have to be found for it. On 
its large and varied solvent power rest its capabilities 
for further commercial utilization, and to this feature 
is due the rapid growth of the industry in this coun- 
try. 
BARRETT MFG. Co. LABORATORY, 
CHEMICAL DEPARTMENT, 
FRANKFORD, PA. 
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The problem of softening and purifying water is 
much more difficult than at  first appears to the novice. 
The complexity of the impurities and the wide 
variations in waters from the same sources of supply 
do not admit of the application of a fixed method 
for all waters. 
The softening of water is understood by many to 
be merely a question of the addition of lime and 
soda ash. This is shown by articles in engineering 
and chemical journals and even government publica- 
tions, advising the use of so much lime and soda ash 
for a certain water supply. Looking a t  the problem 
from this point of view, the question naturally arises 
among engineers and water users as to the necessity 
of the apparatus for the proper softening and clari- 
fication of water. 
In softening water we have to deal with extremely 
dilute solutions which are made complex by the 
number of substances in solution, each to some ex- 
tent affecting the solubility of the other. 
To remove the various salts of lime and magnesia 
from the dilute complex solutions by means of the 
two reagents, commercial caustic lime and soda ash, 
both of which, especially the former, are likely to 
vary in purity, calls for an accurate method of con- 
trol, and a wide experience with different waters. 
Chemists usually estimate the quantity of reagents 
required on the basis of the molecular weights of the 
lime, magnesia and iron salts in the water. I t  has 
been my experience that no fixed rules, applicable to 
all water supplies, can be laid down as to the exact 
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quantity of reagents required, the method of con- 
trolling treatment, the time required for reactions 
and sedimentation, or for perfect clarification. 
The time to be allowed for the complete softening 
of the water must be determined. No definite time 
can be set as being sufficient for all waters unless, of 
course, sufficient time is allowed in all cases to take 
care of those waters which require the maximum 
time for complete reaction. 
This would hardly be practicable, as the cost of 
the water-softening system must be considered, and 
this cost is, in a large measure, dependent on the 
time allowed for reactions. In many types of water- 
softening apparatus on the market, the time allowed 
for reactions has been the uncertain minimum rather 
than the safe maximum. 
That the time allowed for reactions is a question 
of vital importance, and that it has received little 
attention, is evidenced by the fact that in many cases a 
softened water will leave the water-softening appara- 
tus, as it should, perfectly clear; but after standing 
for a time it becomes turbid, and eventually a de- 
posit is found in the container. This can be seen 
in many of the track tanks of railroad companies, 
or in the storage tanks of industrial plants, using 
water-softening apparatus. In some cases this be- 
comes a serious annoyance and expense. 
Again, deposits from softened water are found in 
feed-water heaters, and in pipe lines connecting the 
heater and boilers. Reference is not made here to a 
precipitate due to the reduced solubility of the lime 
and magnesia salts a t  the higher temperature, but to 
precipitation due to the continued reaction between 
the softening reagents and the lime and magnesia in 
the water. Moreover, sludge is deposited in the 
boiler. While this cannot be entirely prevented, 
yet in sofne cases the amount of sludge thrown down 
almost makes one believe that a boiler compound 
and unsoftened water had been used in place of a 
softened water. Again, it is extremely common in 
many water-softening systems to find even the pipe 
carrying the softened water from the system to be 
choked with scale. These effects are undoubtedly 
due to insufficient time for reactions within the sof- 
tening apparatus. 
Temperature is, of course, a factor in the time t o  
be allowed, but in almost all cases it is desirable to 
soften the water before it is heated; therefore, the 
softening reactions must take place at  temperatures 
between 32 O and 85' F. 
Every expedient known to the chemist and engi- 
neer must be employed in the design of apparatus 
to properly soften water on a large scale in a reason- 
able time. All chemists will agree that the addition 
of the reagents must be exact and that they must be 
thoroughly mixed with the water. I t  would seem 
but rational to suppose that in the laboratory with a 
small sample, following the method employed on the 
large scale, ideal results could be obtained and that 
these results might be used as a basis for designing 
water-softening apparatus, a t  least, as far as the time 
to be allowed for reactions is concerned, but let us 
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see what actually occurs in attempting to treat a 
small sample of water in the laboratory, following 
as closely as possible the practice which gives re- 
sults on the large scale. 
The following analysis of a well water with data 
showing the extent of the reactions for given periods 
of time has been selected from a large number of 
waters on which similar experiments have been tried 
to  determine what can be done in the laboratory in 
attempting to parallel the results obtained on a large 
scale : 
DETERMINATIONS, 
Parts pet 
million. 
.,- Volatile and organic matter.. . . . . . . . . .  I 3 
Silica.. ............................ 9 
Iron and alumina oxides. . . . . . . . . . . . .  trace 
Calcium oxide . . . . . . . . . .  158 
Magncsium oxide.. . . . . . . .  165 
Sulphuric anhydride. . . . . . . . . . . . . . . . . .  343 
Carbonic anhydride (fixed 
Carbonic anhydride (free) 
Chlorine.. . . . . . . . . . . . . .  
Alkalinity as CaCO:<. . . . . . . . . . . . . . . . .  281 
Total solids by evap 
P R  
Parts pcr 
million. 
Volatile and organic matter.,  . , , , . , , , , 75 
Silica.. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 
Iron and alumina trace 
Calcium carbonat 281 
Calcium sulphate.. 2 
Magnesium sulphate. . . . . . . . . . . . . . . . .  496 
Sodium sulphate.. . . . . . . . . . . . . . . . . . .  21 
Sodium chloride . , 20 
Total solids.. ..................... 901  
1 
Free carbonic acid. none 
- 
Suspended matter.,  . . . . . . . . .  I . .  . . . . .  
Incrusttng solids.. . . . . . . . . . . . . .  788 
Non-inciusting solids. . . . . . . . . . . . . . . .  41 
Grains per 
U. S. gallon. 
4 . 4 0  
0 . 5 5  
trace 
9 . 3 0  
9 .72  
1.15 
20 .20  
7 . 2 6  
none 
0 . 7 0  
16.50 
52 .70  
Orarains per 
U. S. gallon. 
4 . 4 0  
0.55 
trace 
16 .53  
0.10 
29 .16  
1 . 2 4  
1 . I 5  _-_ 
5 3 , 1 3  
0 ,05 
none 
4 6 . 3 4  
2 .39  
The experiments on this water were made a t  tem- 
peratures ranging from 50’ to 60’ P. Un- 
der the heading “Boil,” the sample had stood for 24 
hours, then IOO cc. of it were brought to a boil, cooled, 
then filtered, and the determinations made. 
1 hour. 2 hours. 3 hours. 4 hours. 24 hours. Boil. -----. ----. PI- ,----~C------ v - 7  
CaO., . . , 5 l a  3 ,006 26a 1.506 26a 1.506 17a 0 . 9 8 b  14a 0 .84b  10a 0.566 
MgO . . . .  53a 3.10b 10a0.606 1 0 a 0 . 6 0 b  5 a 0 . 3 0 6  5 a 0 . 3 0 6  3 a  0 .20b  
These experiments were made on rather bad water, 
in fact water worse than the average. Now let us 
see the results of the same experiments on a water 
considerably better than the average, under a similar 
set of conditions, a river water. 
DETERMINATIOXS. 
Parts per Grains per 
million. U. S. gallon. 
Volatile and organic mat ter . .  ... 0.55  
Silica., .............................. 8 0 . 4 5  
Iron and alumina oxides., . . . . . . . . . . . . .  2 0 . 1 0  
Calcium oxidc . . . . . . . . . . . . . . . . . .  14 0.84 
Magnesium 0x1 3 0.18 
Sodium oxide.. . . . . .  1 0 . 0 7  
Sulphuric anhydride.. . . . .  7 0 . 4 4  
Carbonic anhydride (free), . . . . . . . . . . . . .  2 0.11 
Nitric anhydride 2 0 . 1 0  
Alkalinity as CaCOs. 17 1 .oo 
. Total solids by  evap. ,  . . . . . . . . . . . . . . . . .  53 3 . 1 0  
, a Parts  per million. 
’ ’ Carbonic anhydride (fixed) 7 0 . 4 4  
Chlorine . . . . . . . . . . . . . . . . . .  5 0 . 3 0  
b Grains per U. S. gallon. 
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PROBABLD COMBISATIOSS. 
Parts per 
million. 
Volatile and organic matter.. . . . . . . . . . . .  9 
Silica.. .............................. 8 
Iron and alumina oxides.. . . . . . . . . . . . . .  2 
Calcium carbonate. . . . . . . . . . . . . . . .  17 
Calcium sulphnte 11 
Magnesium sulphate. . . . . . . . . . . . . . . . . . .  1 
Xagnesium chloridc . . . . . . . . . . . . . . . . . . .  5 
Magnesium nit 2 
Sodium chlorid 2 
Total solids.. ....................... 57 
Snspeuded matter.. . . . . . . . . . . . .  9 
Free carbonic acid.. . . . . . . . . . . .  2 
Incrusting solids. . . .  . . . . . . . . . . .  47 
Kon-incrusting solids. . . . . . . . . . . . . . . . . .  2 
- 
Jan., 1911 
Grains per 
U. S. gallon. 
0.55 
0.45 
0.10 
1 .oo 
0 . 6 8  
0 . 0 6  
0 2 9  
0 . 1 4  
0 . 1 3  
3 . 4 0  
0 . 5 5  
0.11 
2 . 7 2  
0 . 1 3  
1 hour. 2 houts. 3 hours. 4 hours. 22 hours. Boil. 
CnO. .  . . . . .  39a  2.306 39a 2.306 39a 2 .306  39a 2.306 36a 2 .  l ob  33a 1.966 
MgO.. . . . . .  3a 0 .20b  3 a  0 .20b  3 a  0.206 3 a  0.206 3 a  0 .20b  3 a  0.156 
_---__ _*I_ _ *_- - A_- --A- - --- 
From these experiments it would seem that at the 
end of two hours the treatment is practically com- 
pleted. But the fact that a further reduction in 
both the calcium and magnesium oxides takes place 
after the end of two hours shows that the reactions 
are not entirely completed, and i t  is probable that 
just a t  this stage many water-softening machines 
stop in place of allowing sufficient time for the reac- 
tions t o  be completed. 
The amount of impurity in the water is also a 
factor in the time to be allowed in softening a water. 
This is illustrated by the second analysis just cited. 
In  this experiment, after allowing 2 2  hours for the re- 
actions to complete themselves, and heating the 
water to a boil, the total of the calcium and magne- 
sium oxides is higher in the treated water than in the 
raw mater, while in the first experiment the total of 
the calcium and magnesium oxides is lower in the 
treated water than in the raw water of the second 
experiment, showing that other factors besides time 
and temperatuse enter into the completeness of the 
softening. 
As these experiments were conducted in exactly 
the same manner, and the conditions kept as nearly 
uniform as possible, one would have expected the 
results to be the same. 
The results of such experiments, therefore, serve 
only as a guide which enables one having before him 
a large number of similar results, based on like ex- 
periments to draw conclusions, first, as to the length 
of time required on a large scale for complete reac- 
tions, and second, as to the minimum to which the 
calcium and magnesium oxides can be reduced in the 
treated mater. 
After the time to be allowed for reactions has been 
determined, provision must be made for sedimenta- 
tion and efficient clarification to carry the process to 
its logical conclusion, which is to remove the lime 
and magnesia as well as all suspended matter, to the 
extent that no after-precipitation can occur. 
The following analysis shows a water very similar 
to the one cited for the second experiment: 
n Parts per million. 
6 Grains per U. S. gallon. 8 
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DETERMINATIONS. 
Parts per 
million. 
Volatile and organic matter.. . . . . . . . . . . . .  
Calcium oxide. ........................ 
Sodium oxide.. . .  
Total solids by evap. .... 
PROBABLE COMBINATIONS. 
27 
9 
2 
12 
5 
21 
35 
4 
6 
12 
trace 
9 
121 
Parts per 
million. 
27 Volatile and organic matter. . . . . . . . . . . . . .  
Sodium chloride.. .. . . . . . . . .  20 
Total solids.. ......................... 125 
- 
Suspended matter 
Pree carbonic acid.. . . . . . . . . . . . . .  
Non-incrustinz so 
Grains per 
U. S. gallon. 
1.60 
0.55 
0.10 
0.70 
0.32 
1.24 
2.04 
0.22 
0.33 
0.70 
trace 
0 50 
7.10 
Grains per 
I J  S. gallon. 
1 60 
0 55 
0 10 
0.52 
1 00 
0 96 
1 44 
1 15 
7 .32  
0.55 
0 .33  
3.13 
2.59 
This water, after treatment with lime and soda 
ash in a four-thousand gallon per hour water-soften- 
ing system, in which a time of four hours is allowed 
for the softening, shows calcium oxide 9 . 5  parts per 
million; magnesium oxide, I -4 parts per million; 
corresponding to calcium carbonate, I 7 parts per 
million; magnesium hydrate, 2 parts per million; 
so here are two waters very much alike as to total 
hardness. One water under laboratory conditions 
is harder after treatment, allowing a longer time for 
reactions even with the aid of heat, while on a large 
scale a similar water is softened a t  atmospheric 
temperature, and in a much shorter time, to such an 
extent that  both the calcium carbonate and the 
magnesium hydrate in the water are lower than the 
solubility of each of these substances in distilled 
water. 
This is almost invariably the case, and proves that 
in a properly designed water-softening system a softer 
water can be obtained than by laboratory experiment 
conducted along correct, scientific lines, paralleling as 
closely as possible the conditions existing in a regular 
softening system, even allowing more time for the 
reactions and with the aid of heat. 
The time factor for the treatment of a particular 
water supply cannot therefore be directly determined 
by laboratory experiment, but must be found by a 
comparison of the experimental data with the re- 
sults in practice. 
The presence or absence of certain salts seems to 
have a direct bearing upon the time required for 
reactions and upon the solubilities of the calcium 
and magnesium compounds remaining in the treated 
water; but so far, no reliable data are available that 
would warrant stating an opinion as to which of these 
salts cause this variation ; nevertheless, the fact re- 
mains that the calcium and magnesium cannot be 
reduced to the same limits in all waters. 
In some waters, a t  atmospheric temperature, the 
reactions are completed and the water has settled 
perfectly clear a t  the end' of two hours. In  other 
waters, under t h e  same conditions, and with the 
same type of apparatus, this result is not obtained 
until a t  the end of eight hours, and in some cases 
even a longer time. Therefore, in practice the time 
to be allowed is an important consideration, since the 
cost, as well as the extent of the softening, is depend- 
ent upon the time allowance for reactions and sedi- 
mentation. 
Each water presents a specific problem that has to 
be worked out from the analysis, the experimental 
data, and the, known results in practice with water 
of similar characteristics. In  the absence of such 
data neither the results to be obtained can be ac- 
curately foretold, nor troubles avoided that follow 
imperfect softening. 
I t  is, of course, true that any softening of the water 
is better than none, but by carefully considering the 
important factors which enter into the design of a 
water-softening system for a particular water supply, 
the additional outlay will be well invested, as there 
is a vast difference between the extent of softening 
obtained in many plants, due to improper design, 
and that which is obtainable with properly designed 
and operated apparatus. 
THE FOREST PRODUCTS LABORATORY. 
By MCGARVEY CLINE, DIRECTOR. 
What It Is.-The Forest Products Laboratory is a 
laboratory of practical research conducted by the 
Forest Service, United States Department of Agri- 
culture, in cooperation with the University of Wis 
consin. The purpose of the laboratory is: 
I. To secure authoritative information on the 
characteristic mechanical and physical ,properties of 
commercial woods and products secured from them. 
2 .  To study and develop the fundamental prin- 
ciples underlying the preservative treatment of wood, 
its use for the production of fiber products (pulp, 
paper, fiber board, etc.), and its use in the manufac- 
ture of alcohol, turpentine, rosin, tar and other chem- 
ical products. 
3. To develop practical ways and means of using 
wood which, under present conditions, is being wasted. 
4. To serve as a public bureau of information on 
the properties and utilization of forest products. 
5 .  To cooperate with consumers of forest products 
in improving present methods of use; also in formu- 
lating specifications and grading rules for commercial 
woods, materials secured from them (gums, oils, 
resin, etc.), and materials used in the treatment of 
wood (creosote, zinc chloride and other preserva- 
tives). 
The laboratory is a t  Madison, Wisconsin, and is 
situated on the northwest corner of Randall Field, 
the athletic field of the University of Wisconsin. The 
university furnishes, without cost to the Forest Ser- 
